Background: Subjects with elevated Epstein-Barr virus (EBV) immunoglobulin A (IgA) titers have a higher risk of developing nasopharyngeal carcinoma (NPC), indicating that reactivation of EBV in the local mucosa might be important for NPC carcinogenesis. Cigarette smoking appears to be one of the environmental risk factors for NPC. However, it remains unclear whether smoking-induced nasopharyngeal carcinogenesis acts through reactivating EBV in the nasopharyngeal mucosa. Therefore, this study aims to investigate the association between cigarette smoking and nasopharyngeal EBV reactivation in a NPC high-risk population. Methods: A NPC high-risk cohort study, established from a population-based NPC screening program of 22,816 subjects, consisted of 1045 subjects with elevated serum IgA antibodies against EBV viral capsid antigen (VCA/IgA). Among high-risk subjects, information on detailed cigarette smoking history was collected among 313 male subjects. The associations between cigarette smoking and EBV antibody levels, EBV DNA load of the nasopharynx were analyzed. Results: No significant association was observed between either nasopharyngeal EBV DNA load or serum VCA/IgA titers and smoking status, age at smoking initiation, daily smoking intensity, smoking duration, cigarette type, or pack-years of smoking. Cigarette smoking characteristics in all subgroups did not correlate with nasopharyngeal EBV DNA positivity or EBV VCA/IgA seropositivity. Conclusions: In a population at high risk of NPC, our study suggests that cigarette smoking is neither associated with nasopharyngeal EBV DNA load nor serum VCA/IgA antibody level. Smoking-associated NPC carcinogenesis may act through other mechanisms than reactivating nasopharyngeal EBV replication.
Background
Epstein-Barr virus (EBV) infection is a major etiologic factor for nasopharyngeal carcinoma (NPC), and EBV is detected in tumor cells of virtually all NPC cases [1] . The probability of developing NPC is 6.7-41.9 times higher for subjects seropositive for immunoglobulin A antibodies against viral capsid antigen (VCA/IgA) than those with undetectable antibodies [2] .
Amongst potential non-viral causes of NPC, cigarette smoking has been intensively studied. Some early studies failed to show a link between tobacco smoking and NPC risk [3] [4] [5] [6] [7] , while recent evidence supported a positive association between cigarette smoking and NPC risk [8] [9] [10] [11] . Our recent population-based case-control study with a large sample size in southern China, observed that active smoking in males significantly increased the NPC risk, particularly among those heavey smokers. Moreover, exposure to passive smoking during childhood and from a spouse during adulthood was independently associated with an increased NPC risk [12] . In Taiwan, a large-scale 20-year follow-up cohort study reported that the NPC risk was closely associated with long and heavy cigarette smoking and the association persisted even when EBV seromarkers were included in the multivariate analysis [13] . In addition, cigarette smoking is an independent prognostic factor for poor NPC survival [14, 15] , and is associated with a higher NPC mortality [16] . Besides epidemiological study, in vitro experiment showed that cigarette extracts could induce EBV reactivation in NPC cells [8] , suggesting that cigarette smoking plays an important role in NPC carcinogenesis.
The high EBV titers in high risk NPC populations in endemic region indicate the reactivation of EBV in vivo. To date, the cell origin of reactivated EBV particles has not been addressed. Previously, we found that nasopharyngeal EBV load is correlated with serological EBV titers in high risk NPC population [17] . These clues lead us to hypothesize that cigarette smoking might be directly responsible for the reactivation of nasopharyngeal EBV and cause peripheral EBV IgA seropositivity. Thus, we investigated the association of cigarette smoking with nasopharyngeal EBV reactivation in a population based NPC high-risk cohort study.
Methods

Study population
The establishment of the study cohort has been described previously [17] . In brief, this study was based on a prospective NPC screening program conducted in three towns (Libu, Shatou and Shiqiao) of Cangwu County, southern China, between 2006 and 2013. Briefly, local residents ages 30-59 were enrolled in the screening program. A serum sample was taken from each subject for detection of EBV VCA/IgA antibody by immunoenzymatic assay, and each subject was offered an otorhinolaryngologic and neck lymphatic examination. A total of 22,186 individuals volunteered to take part in the initial screening program, and the participation rate was 56.2%. In total, 1045 healthy subjects seropositive with EBV VCA/IgA (VCA/IgA ≥1:5) identified from the 22,186 participants were defined as NPC highrisk population and followed up for NPC occurrence. During the follow-up period of 2010-2013, 8 individuals were diagnosed as NPC cases (5 in 2010, 3 in 2011). According to the American Joint Committee on Cancer (AJCC) TNM Staging System (7th ed., 2010), 7 of the 8 cases were early-stage NPCs (2 cases of stageI, 5 cases of stage II, and 1 case of stage III).
In 2010, a follow-up serological retest and endoscopy examination were performed in the 1045 subjects. Of them, 822 (78.4%) subjects agreed to both provide a nasopharyngeal swab and to complete a questionnaire about smoking and other lifestyle factors. Because fewer than 3% (15/509) of the participating females had ever smoked, only the 313 males were included in the analysis. 
Ethics statement
Cigarette smoking assessment
Questionnaire interviews were administered by trained local health workers. Individuals who had ever smoked at least one cigarette every 1-3 days for at least 6 months were defined as ever smokers, including current smokers and ex-smokers. Ex-smokers were defined as those who had quit smoking more than 1 year before the interview. Data on age at which the individual started and stopped smoking, daily cigarettes smoked, and type of cigarettes smoked (filtered, nonfiltered, or both) were collected.
EBV serology and DNA load measurement
Serum EBV VCA/IgA antibody levels were determined by immunoenzymatic assay as described previously [18] . Briefly, cell smears were prepared from B95-8 cultures, fixed in acetone and used in the indirect immunoenzymatic method with peroxidase-conjugated anti-human IgA antibody. Sera diluted to 1:5 were added to separate wells of slide. The slides were incubated at 37°C for 30 min in a humid atmosphere, and washed 3 times with phosphate-buffered saline (PBS). Peroxidase-conjugated antihuman IgA antibody in appropriate dilution was added to the slides. The slides were incubated again for 30 min, washed 3 times with PBS, and flooded with diaminobenzidine and H 2 O 2 for 10 min. Positive and negative control sera were incubated in each experiment. A serum was considered positive if the cells in the well that contained the 1:5 dilution showed brown color characteristic of this test. The blood specimens from persons antibody-positive in the initial screening were tested in further dilutions. The highest dilution of serum still positive for IgA antibody to VCA was considered as the antibody titer of that serum.
Two real-time quantitative polymerase chain reaction (qPCR) systems were set up to detect EBV DNA load and the β-globin gene as described previously [19, 20] . The β-globin gene was used as a quality control for the nasopharyngeal swab sampling, DNA extraction and PCR reaction. A standard curve of the CT values obtained from plasmid DNA containing BamHI-W or β-globin fragment respectively was established in parallel. Each sample was tested in duplicate, and the mean of the two values was taken as the copy number of the sample. Samples were defined as negative if the CT values exceeded 40 cycles. In all experiments appropriate negative and positive controls were included during nucleic acid isolation and amplification. Swab DNA samples were renumbered before EBV DNA load detection to ensure a blind test. The copy numbers of EBV DNA or β-globin gene per swab (expressed in copies/swab) were calculated according to the following equation:
C: target concentration in one swab (copies/swab). Q: target quantity (copies) determined by PCR. V DNA : total volume of DNA obtained after extraction (50ul).
V PCR : volume of DNA solution used for PCR (1ul). V EXT : volume of saline solution extracted (1 swab).
Statistical analysis
The 
Results
Study population characteristics
Demographic characteristics of the 313 males seropositive for VCA/IgA, stratified by smoking status, are shown in Table 1 . Among them 75.4% (236/313) were current smokers, while former smokers and never smokers accounted for 12.8% (40/313) and 11.8% (37/ 313), with mean ages of 49.7, 49.5, and 47.3 years, respectively. Subjects with an ever smoking history were more likely to reside in Libu and Shatou than in Shiqiao, while the distribution of age and education level had no statistical difference among the three smoking groups (P > 0.05).
Associations between cigarette smoking and nasopharyngeal EBV DNA load, serum VCA/IgA titers
We found no significant associations between nasopharyngeal EBV DNA load and cigarette smoking characteristics, including smoking status, age at smoking initiation, number of cigarettes smoked per day, smoking duration, type of cigarettes and pack-years of smoking (P > 0.05, Table 2 ). Cigarette smoking also was not associated with serum VCA/IgA titers (P > 0.05 for all subgroups, Table 2 ). As shown in Tables 3, 87% (272/313) of male high-risk individuals was positive for nasopharyngeal EBV DNA, and 13% (41/313) was EBV DNA negative. In the followup serological retest, 7% (23/313) subjects' VCA/IgA antibodies turned to be negative, and because of the small number of seronegative subjects we classified VCA/IgA negative and titer of 1:5 subjects into one group (30%, 95/ 313), thus the rest was another group with VCA/IgA ≥ 1:10 (70%, 218/313). Cigarette smoking variables in all aspects did not show any positive association either with nasopharyngeal EBV DNA status or serum VCA/IgA status (Table 3) .
Discussion
Epidemiologic studies have demonstrated cigarette smoking is associated with excess NPC risk. In vitro experiments also found that cigarette extracts promote EBV replication in B cells and NPC cells [8] . Therefore, it has been proposed that cigarette smoking may play a role in NPC development and induction of EBV reactivation. However, whether cigarette smoking directly induces EBV replication in the nasopharynx and causes EBV IgA seropositivity is unknown. In this populationbased study, we found no evidence of a positive association between cigarette smoking and the EBV DNA load in the nasopharynx or with serum EBV VCA/IgA antibody titers. Our results suggest that cigarette smoking does not directly affect EBV reactivation in the nasopharynx. Thus, cigarette-smoking-associated NPC carcinogenesis might act through other mechanisms.
Except IgA antibodies of mucosa origin, smoking also induces IgG antibodies against EBV replication. For instance, cigarette smoking has been associated with titers of VCA/IgG [21] , which is in turn associated with an increased risk of EBV-positive Hodgkin lymphoma [22] . These findings, combined with ours, indicate that rather than being specific to the nasopharyngeal mucosa, smoking-induced activation of EBV might be a systemic effect.
On the other hand, serologic responses to EBV, as determined by antibody levels in circulation, were used as a proxy for evaluation of the degree of EBV exposure in previous studies. Elevated serum levels of antibodies against EBV viral capsid antigen and EBV DNase may reflect the reactivation of EBV in human body [13] . The antibody production has underlying host exogenous determinants such as genetic susceptibility or the subtype of EBV [23] . What is more, other etiologic factors may also be involved as confounders. Cigarette smoking is associated with lower socioeconomic status in many populations. In addition, socioeconomic and race/ethnic differences were demonstrated in the seroprevalence of EBV [24] . Thus, in EBV related diseases, EBV antibody seropositivity, host genetic background and the habit of smoking might not act independently. Instead, they might have combined or synergistic effects on the etiology. The complicated synergistic effects result in conflicting conclusions as regard to the association between smoking, EBV seropositivity and cancer risks.
Compared to the lower aero-digestive tracts, the nasopharynx is a site which is more directly exposed to cigarette smoking. However, the magnitude of excess risks associated with smoking in cancer of the nasopharynx (OR less than 2) [8-10, 12, 25] is much lower than that for cancers of the lung and larynx (OR~20) [26] , indicating that the nasopharyngeal epithelium might not be sensitive target cells of carcinogens from tobacco smoking. Furthermore, previous studies did not find any significant interaction between anti-EBV seromarkers and cigarette smoking for NPC development [13, 27] . These observations are plausibly consistent with our current results, indicating that the induction of NPC carcinogenesis might not be a synergistic effect of carcinogens from tobacco smoking and EBV reactivation. Some other factors might be involved in the reactivation of nasopharyngeal EBV. The nasopharyngeal cavity is an ideal ecological niche with suitable conditions for colonization of micro-organisms which normally inhabit the nasopharynx. Some bacteria can produce short chain fatty acids such as butyric acid, which is known as an inducer of EBV replication, suggesting that microflora could be a risk factor in the development of NPC by effecting on the lytic cycle of EBV. Interestingly, one study shows that microbial communities in the upper respiratory tract can be distorted by cigarette smoking [28] , thus it may be one of the potential mechanisms for cigarette-smoking-related NPC carcinogenesis, as observed by other studies [29, 30] .
The advantage of this study is that it is the first population based study to investigate the association between cigarette smoking and EBV reactivation, by assessing nasopharyngeal EBV DNA load or serum VCA-IgA antibody level in an EBV seropositive high-risk population. However, there are also limitations. First, our major concern is the self-reported nature of smoking information, which might be misclassified by recall bias. Second, the influence of passive smoking on EBV load and VCA/IgA titers was not assessed as we did not collect such information. Finally, although the 1045 high-risk subjects were enrolled from a large sample size of 22,186, the number of study subjects (313 high-risk males) was relatively small.
Conclusions
We found null association between either nasopharyngeal EBV DNA load or serum VCA/IgA titers and cigarette smoking. Cigarette smoking-associated NPC carcinogenesis might not act through reactivating nasopharyngeal EBV replication, but by other mechanisms. Our study leads to a better understanding of the etiologic interactions between viral and environmental factors in the pathogenesis of NPC. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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